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ABSTRACT 
An E x t r a v e h i c u l a r  Mobi l i t y  Unit  ( E M U )  Design Review was 
h e l d  a t  MSC on November 1 4  t o  a s s e s s  t h e  adequacy o f  t h e  d e s i g n  
c r i t e r i a ,  checkout  p rocedures ,  and o p e r a t i o n a l  r equ i r emen t s  o f  
t h e  EMU i n  t h e  performance o f  t h e  Apollo LOR m i s s i o n .  
O f  t h e  twenty-nine i tems  submi t t ed  f o r  Board rev iew,  
f i f t e e n  had a c t i o n  deferred pending f u r t h e r  s t u d y .  Subsequent 
r ev iews  on December 9 and 1 6 ,  have reduced  t h e  numbereof  open i t e m s  
t o  n i n e .  
S i g n i f i c a n t  a r e a s  of  d i s c u s s i o n  were t h e  f o l l o w i n g :  
1.. An update  of l u n a r  s u r f a c e  d e s i g n  c r i t e r i a  
i s  needed. 
- 
2. Pacing items i n  s u i t  development are t h e  
communications cap, e x t r a v e h i c u l a r  v i s o r  and 
thermal  g loves .  
3. EVA go/no-go c o n d i t i o n s  are n o t  e s t a b l i s h e d .  
4.  C o n s t r a i n t s  on checkout and o p e r a t i o n s  r e s u l t  
from s p e c i f i c  r equ i r emen t s  f o r  b o t h  p r e s s u r i z e d  
and u n p r e s s u r i z e d  LM c a b i n  environments .  
5.  The p r o v i s i o n  o f  one PLSS f o r  undocked t r a n s f e r  be- 
tween t h e  CM and LM i s  u n a c c e p t a b l e  from a crew 
s a f e t y  s t a n d p o i n t .  
The MSC recommended d e s i g n  c r i t e r i o n  f o r  t o t a l  
s u i t  p r e s s u r e  i s  now 3.8 + 0 . 1  p s i a .  
7 .  The r equ i r emen t s  and c a p a b i l i t i e s  f o r  v o i c e  communi- 
c a t i o n s  and t e l e m e t r y  f o r  two crewman per forming  




.I ../ s imul taneous  EVA r e q u i r e s  r e - e v a l u a t i o n .  
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MEMORANDUM FOR FILE 
An Extravehicular Mobility Unit (EMU) Design Review 
was held at MSC, November 14, 1966. 
The purpose of this review was to assess the adequacy 
of the design criteria, checkout procedures, and operational 
requirements of the EMU in the performance of the Apoll~ LOR 
Mission. 
The review board consisted of the following MSC 
personnel: 
Mr. J. A. Chamberlin (EA2) Chairman 
Mr. J. V. Correale (EC) 
Mr. J. P. Loftus (PM5) 
Mr. J. Young (CB) 
Attachment A is a list of attendees. It is understood 
by the author that this is the first formal Block I1 suit review 
attended by astronaut representatives. 
The following reports cover information used during 
the review for design evaluation: 
1. 
2. 
3 .  
4. 
5. 
EMU Stowage in CM 
EMU Design Criteria 
EMU Theory of Operation and Schematics 
EMU Checkout Procedures 
EMU Modifications In-Process 
/ 
c 
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These r e p o r t s  and t h e  c u r r e n t  s t a t u s  of Review Item D i s p o s i t i o n s  
( R I D ' S )  g e n e r a t e d  a t  t h e  meet ing are a v a i l a b l e  f rom t h e  wr i t e r .  
A t o t a l  of  twenty-nine (29 )  R I D ' S  were submi t t ed  f o r  
rev iew board a c t i o n .  O f  these,  a c t i o n  on f i f t e e n  (15)  was deferred 
pending  a d d i t i o n a l  s t u d y .  The l a t e s t  suspense  date f o r  comple t ion  
- of  t h e  v a r i o u s  p o s i t i o n  p a p e r s  was December 6 ,  1966.  
Two a d d i t i o n a l  rev iews  were he ld  December 9 t h  and 1 6 t h  
a t  MSC. A s  a r e s u l t  o f  t h e s e  r ev iews ,  a c t i o n  on n i n e  ( 9 )  open 
i t e m s  has been deferred pending r e c e i p t  o f  a d d i t i o n a l  i n f o r m a t i o n .  
s i g n i f i c a n c e :  
The f o l l o w i n g  a r e a s  of d i s c u s s i o n  are  f e l t  t o  have s p e c i a l  
1. 
2. 
3 .  
4.  
An update  of  l u n a r  s u r f a c e  d e s i g n  c r i t e r i a  i s  r e q u i r e d  
by CSD ( t o  i n c l u d e  t h e  s c i e n t i f i c  expe r imen t s  f o r  t h e  
l u n a r  EVA mis s ion )  i n  o r d e r  t o  f u l l y  assess EMU per- 
formance s e n s i t i v i t i e s  o r  m i s s i o n  c o n s t r a i n t s .  ASP0 
i s  recommendin a maximum sun a n g l e  of  4 8 O  and c r a t e r  
mi s s ion .  
d imens ions  o f  8 -12: l  (diameter t o  d e p t h )  f o r  t h e  LOR 
The EMU f l i g h t  c o n f i g u r a t i o n  i s  Type A6L. 
i t e m s  i n  s u i t  development are t h e  communications cap 
and t h e  e x t r a v e h i c u l a r  v i s o r .  MIT has r e p o r t e d  on t h e  
f e a s i b i l i t y  o f  u s i n g  t h e  Gemini EVA v i s o r  w i t h  the  
n a v i g a t i o n  o p t i c s  f o r  Apollo.  The i r  p r e l i m i n a r y  r e p o r t  
s ta tes :  
The p a c i n g  
( a )  T r a n s m i s s i b i l i t y  would be reduced from 80  p e r c e n t  
(Apol lo  v i s o r )  t o  60 p e r c e n t  (Gemini v i s o r ) .  The 
e f f e c t  would be t o  d e c r e a s e  t h e  number of s tars 
v i s i b l e  by one - th i rd  and t h e  degree  o f  b r i g h t n e s s  
by one-half  magnitude. 
( b )  B a c k s c a t t e r  would be i n c r e a s e d .  
( c )  The Apollo o p t i c a l  s y s t e m  i s  cons ide red  marg ina l  
and any f u r t h e r  d e g r a d a t i o n  would b e  c o n s i d e r e d  
s e r i o u s .  
I n  a d d i t i o n ,  t h e  crew has expres sed  d i s s a t i s f a c t i o n  
w i t h  thermal  g love  development. 
EVA goho-go  c o n d i t i o n s  a r e  n o t  e s t ab l i shed .  
no d e c i s i o n  has been reached  on a go/no-go ground r u l e  
f o r  loss of  t e l e m e t r y .  
Fo r  example, 
I f  LM c a b i n  p r e s s u r e  i s  l o s t  wh i l e  l a n d i n g ,  EVA w i l l  
n o t  b e  p o s s i b l e  as t h e  a s t r o n a u t  cannot  change from 
i n t r a v e h i c u l a r  t o  e x t r a v e h i c u l a r  .g loves .  
c: 
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5.  The a s t r o n a u t s  have r e q u e s t e d  p r o c e d u r e s  be e s t ab l i shed  
t o  a v o i d  b r e a k i n g  any s u i t  c o n n e c t i o n s  i n  a vacuum. 
Connect ion  t o  a P o r t a b l e  L i f e  Suppor t  System (PLSS) i n  
a p r e s s u r i z e d  c a b i n  i n t r o d u c e s  a t i m e  c o n s t r a i n t  f o r  LM 
d e p r e s s u r i z a t i o n  due t o  thermal  r e a s o n s .  The PLSS 
s u b l i m a t o r  w i l l  n o t  f u n c t i o n  above 0 .5  p s i a  c a b i n  
p r e s s u r e  and i t  i s  e s t i m a t e d  t h a t  
( a )  t h e  LM ECS oxygen stream w i l l  approach  250°F a f t e r  
f i v e  minutes  due t o  t h e  L i O H  r e a c t i o n ,  and 
( b )  t h e  PLSS communications equipment w i l l  approach  a 
c r i t i c a l  t e m p e r a t u r e  o f  130°F ( t h e  t e m p e r a t u r e  a t  
which i n t e r n a l  s h o r t s  may d e v e l o p )  i n  abou t  1 0  
minu tes .  
A new p rocedure  f o r  c o n n e c t i n g  t o  t h e  PLSS was pro-  
posed .  It i s  t o  be e v a l u a t e d  a t  Grumman December 19-20, 
1966. 
6.  C u r r e n t  p l a n s  f o r  u s i n g  one PLSS and one Emergency 
Oxygen System (EOS) t o  e f f e c t  a n  undocked t r a n s f e r  
between t h e  CM and LM are n o t  a c c e p t a b l e  t o  t h e  a s t r o -  
n a u t s .  An ASPO/EVA p a n e l  w i l l  b e  convened t o  c o n s i d e r  
t h i s  priiblzm i n  d e t a i l .  
7 .  The MSC d e s i g n  c r i t e r i a  f o r  s u i t  t o t a l  p r e s s u r e  w i l l - .  
Cur ren t  d e s i g n  c r i t e r i a  r e q u i r e  a t o t a l  be  3.8 +0.1. 
p r e s s u r e  of 3 .75  +0.25 ps ia .*  The NASA Headquar t e r s  
p o s i t i o n  was that-minimum p a r t i a l  p r e s s u r e  o f  oxygen 
shou ld  n o t  be l e s s  t h a n  180  mm H g ,  which, w i t h  o t h e r  
p r e s s u r e  c r i t e r i a  ( e . g . ,  C 0 2 ,  pH20) r ema in ing  t h e  same, 
would r e q u i r e  r a i s i n g  t o t a l  s u i t  p r e s s u r e  t o  approx i -  
m a t e l y  205 mm Hg (3 .97  p s i ) .  MSC expres sed  conce rn  
t h a t  reduced  m o b i l i t y  and p r e s s u r e  r e g u l a t o r  d e s i g n  
impact  would r e s u l t  i f  s u i t  p r e s s u r e  were e s t a b l i s h e d  
a t  t h i s  l e v e l .  
8.  A need was i n d i c a t e d  f o r  a s s e s s i n g  t h e  communications 
r e q u i r e m e n t s  and e x i s t i n g  c a p a b i l i t i e s  of t h e  EMU f o r  
two crewmen o u t  s i m u l t a n e o u s l y  ( r e fe r  t o  I t e m  1 6 ) .  
Based on e x i s t i n g  hardware c o n s t r a i n t s ,  t h e  F l i g h t  
O p e r a t i o n s  D i v i s i o n  r e q u i r e s  c o n t i n u o u s  t e l e m e t r y  from 
one o f  two EVA a s t r o n a u t s ,  dup lex  v o i c e  communications 
between t h e  two EVA crewmen, and dup lex  v o i c e  communicat- 
i n g  between one crewmhn and t h e  MSFN a t  a l l  t imes .  The 
D i r e c t o r a t e  of Medical 0pe ra t i c ;ns  ( M S C )  ha s  s p e c i f i e d  
9t 
MSC Master End Item S p e c i f i c a t i o n  CSD-A-096, da ted  J a n u a r y  1, 
1966,  Performance Design and Product  C o n f i g u r a t i o n  Requi rements ,  
E x t r a v e h i c u l a r  M o b i l l t y  Uni t  f o r  Apol lo  Block I1 Miss ions .  
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minimum biomedica l  mon i to r ing  r e q u i r e m e n t s  as f u l l  t i m e  
t e l e m e t r y  of one lead of e l e c t r o c a r d i o g r a m  ( E K G )  d a t a  
and two-way v o i c e  communication w i t h  e a r t h  f rom b o t h  
EVA a s t r o n a u t s  s imul t aneous ly .  
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